Aims. Trumpler 20 is an open cluster located at low Galactic longitude, just beyond the great Carina spiral arm, and whose metallicity and fundamental parameters were very poorly known until now. As it is most likely a rare example of an old, rich open clusterpossibly a twin of NGC 7789 -it is useful to characterize it. To this end, we determine here the abundance of several elements and their ratios in a sample of stars in the clump of Trumpler 20. Methods. We present high-resolution spectroscopy of eight clump stars. Based on their radial velocities, we identify six bona fide cluster members, and for five of them (the sixth being a fast rotator) we perform a detailed abundance analysis. Results. We find that Trumpler 20 is slightly more metal-rich than the Sun, having [Fe/H]=+0.09±0.10. The abundance ratios of α-elements are generally solar. In line with recent studies of clusters as old as Trumpler 20, Ba is overabundant compared to the Sun. Our analysis of the iron-peak elements (Cr and Ni) does not reveal anything anomalous. Based on these results, we re-estimate the cluster age to be 1.5 +0.2 −0.1 Gyr. Its distance to the Galactic centre turns out to be 7.3 kpc. With this distance and metallicity, Trumpler 20 fits fairly well in the metallicity gradient for the galactic inner disc. Conclusions. With this new study, the characterization of Trumpler 20 is now on much more solid ground. Further studies should focus on the estimate of the binary fraction and on its main sequence membership.
Introduction
High-resolution spectroscopic data of stars in Galactic old open clusters are accumulating very rapidly. These star clusters are widely recognized as ideal tracers of the Galactic disc chemical and dynamical evolutions. A precise knowledge of the star cluster's abundance of the various chemical elements and their ratios allows us to investigate the assembly history of the thin disc, its relationship with the thick disc and the bulge, and the presence of sub-populations, which may be indicative of past accretion events (Friel 1995 , Carraro et al. 2007 , Magrini et al. 2009 .
Rich old open clusters are particularly interesting, since the most important evolutionary phases are better represented in the colour-magnitude diagram, and allow better comparison with theoretical models of stellar evolution. Rich clusters are not very common among old open clusters, since the typical lifetime of a star cluster is around 200 Myr (Gieles et al. 2011) . Typical examples are NGC 7789 (Gim et al. 1998 ) and NGC 2158 (Carraro et al. 2002 .
A new member of this small family has recently been identified: Trumpler 20 (Platais et al. 2008 , Seleznev et al. 2010a ). This cluster possesses a conspicuous clump of He-burning stars, as do NGC 2158 and NGC 7789, but its main sequence (MS) is severely blurred by interlopers from the Galactic disc, and by some differential reddening (Platais et al. 2012) . This is mostly because of its location just beyond the great Carina spiral arm, and its relatively low Galactic latitude (l = 301.5
• , b = 2.2 • ). This has prevented a precise estimate of its age, since the location of the MS turnoff point (TO) is difficult to detect. Binary stars also play a crucial role (Carraro et al. 2010) . The interest in Trumpler 20 lies mostly in its clump, as stressed by Carraro et al. (2010) . Depending on its age, Trumpler 20 might actually be a twin of NGC 7789, and would therefore help to understand the details of the He-burning phases in the corresponding mass range (Girardi et al. 2000) .
As described above, it has been quite difficult to estimate the cluster's parameters, especially its age. Platais et al. (2008) and Seleznev et al. (2010) first recognized the potential interest of Trumpler 20. Platais et al. (2008) concluded that the cluster is 1.3 Gyr old, metal poor ([Fe/H] ∼ −0.11 dex), and at a distance of 3.3 kpc, adopting a reddening of E(B − V) = 0.46. Seleznev et al. (2010) confirmed this set of parameters, ,within the large uncertainties, by assuming solar abundances and V, I photometry. Later on, Carraro et al. (2010) provided a more detailed study of Trumpler 20, based on U BVI photometry. This study, which also assumed solar metallicity, revised the cluster parameters: the reddening value was found to be significantly smaller, E(B − V) = 0.35, the distance around 3 kpc, and the age around 1.4 Gyr.
Clearly, the lack of a precise metallicity estimate from highresolution spectra limited the study of this cluster. The recent study by Platais et al. (2012) did not solve this problem. The study concentrated on the upper MS of the cluster in an attempt to clean the TO region by using medium-resolution spectra. The upper MS, once corrected for membership and differential reddening, is then fitted by using a Z =0.015 isochrone, which implies the same set of parameters as in Platais et al. (2008) , except for the reddening, which is closer to the Carraro et al. (2010) estimate.
In an attempt to improve the cluster characterization, in this paper we present the result of a high-resolution spectroscopic observational campaign aimed at determining the abundance of many elements for the stars in the red clump of Trumpler 20. The paper is organized as follows. In Section 2 we present the observational material and describe how radial velocities are derived. Section 3 is devoted to the abundance analysis, while in Section 4 we discuss in detail the results of the analysis. Section 5 summarizes our findings.
Observation and data reduction
Observations were taken in service mode on the nights of February 11 and March 3, 2012 using the multi-object fibre-fed FLAMES facility mounted at the ESO-VLT/UT2 telescope at the Paranal Observatory (Chile). Two 2400s exposures were taken simultaneously with the GIRAFFE medium-resolution spectrograph, and the red arm of the UVES high-resolution spectrograph. GIRAFFE was configured in Medusa mode in the setup HR08, which covers the wavelength range 4911-5163Å at a resolution of R=20,000. The UVES spectrograph was, instead, set up around a 5800Å central wavelength, thus covering the 4760-6840Å wavelength range and providing a resolution of R≃47,000.
Here we discuss UVES data.UVES targets observed the probable red-clump targets, and are shown as open circles at the top of the cluster's V vs. B − V colour-magnitude diagram in Fig. 1 . In this figure red symbols indicate the five radial velocity members, and green the three stars for which abundance analysis was not done because they are non-members or fast rotator/binaries (see text for more details). Table 1 presents the target stars' IDs, coordinates, and B and V photometry from Carraro et al. (2010) . The data were reduced using the ESO CPL based FLAMES-UVES pipeline version 5.0.9 1 for extracting the individual fiber spectra.
The spectra were eventually normalized using the standard IRAF task continuum. Radial velocities were computed using the IRAF/fxcor task to cross-correlate the observed spectra with a synthetic one from the Coelho et al. (2005) library with stellar parameters T eff =5250 K, log g=2.5, solar metallicity, and no α-enhancement. The IRAF rvcorrect task was used to calculate the correction from geocentric velocities to heliocentric. We took the star's radial velocity to be the average of the two epochs measured and the error to be the difference between the two values multiplied by 0.63 (small sample statistics; see Keeping 1962) . For star 429 we report both measured values together with the formal fxcor uncertainties. The velocity difference between the two measurements (17.75 km s −1 ) is significantly higher than the estimated errors and, therefore, the star may be in a binary system. Stars 429 and 496 are probably rotating faster than the other stars. The FWHM of the crosscorrelation function is about 21 km s −1 and 33 km s −1 for the two stars, respectively, to be compared to an average for the other stars of 14.2±0.2 km s −1 . We exclude stars 429 and 5309, which are non-radial velocity members, and using the non-parametric jackknife resampling method (Lupton 1993) we obtain for the cluster an average radial velocity of < V r >= −40.9±1.2 km s −1 with a dispersion σ=2.7±1.4 km s −1 . Had we also excluded star 496, which is a fast rotator, we would have obtained < Vr >= −40.0 ± 0.7 km s −1 , and σ = 1.4 ± 0.9 km s −1 . These values is in good agreement with that measured by Platais et al (2008; 2012) , i.e. −40.8 and −40.6 km s −1 , respectively. Finally, for the abundance analysis, the two epoch rest-frame spectra obtained for each star, were averaged together. The final spectra have signal-to-noise (SNR) ratios in the range 30-50 at ∼6070Å.
Abundance analysis
The chemical abundances for Na, Mg, Al, Si, Ca, Ti, Cr, Fe, and Ni were obtained using the equivalent widths (EW method, as detailed in Marino et al. (2008) . For C, N, O, Y, Ba, La, and Eu, whose lines are affected by blending, we used the spectrumsynthesis method. For this purpose we calculated five synthetic spectra having different abundances for the elements, and estimated the best-fitting value as the one that minimizes the r.m.s. scatter. Only lines not contaminated by telluric lines were used. The value of T eff , v t , and log g were adjusted and new atmospheric models calculated in an interactive way in order to remove trends in excitation potential (EP) and equivalent width vs. abundance for T eff and v t , respectively, and to satisfy the ionization equilibrium for log g. Fe i and Fe ii were used for this purpose. The [Fe/H] value of the model was changed at each iteration according to the output of the abundance analysis. The local thermodynamic equilibrium (LTE) program MOOG (Sneden 1973) was used for the abundance analysis.
Typical internal errors are ∆(T eff )=50 K, ∆ log g=0.2 dex, ∆v t =0.10 km/s, and ∆[Fe/H]=0.05 dex, respectively. To better clarify the effect of atmospheric parameters on the derived abundance, we consider star 542, and show the effect on the final abundance of changes in the temperature, gravity, and microturbulence velocity. The results are shown in Table 5 .
The line lists for the chemical analysis were obtained from many sources (Gratton et al. 2003, VALD & NIST 2 ; McWilliam & Rich 1994; McWilliam 1998, SPECTRUM 3 , and SCAN 4 ), and the log gf were calibrated using the solar-inverse technique and by the spectral synthesis method (see Villanova et al. 2009 for more details). For this purpose we used the high resolution, high S/N NOAO solar spectrum (Kurucz et al. 1984) . The solar abundances we obtained with our line list are reported in Table 4 , together with those given by Grevesse & Sauval (1998) for comparison. We emphasize the fact that all the line-lists were calibrated on the Sun, including those used for the spectral synthesis. We provide it as a long table at the bottom of the -band CN-band 1/9.99 1/9.99 1/9.99 1/9.99 1/9.99 258 C2-band CN-band 1/9.99 1/9.99 1/9.99 1/9.99 1/9.99 542 C2-band CN-band 1/9.99 1/9.99 1/9.99 1/9.99 1/9.99 609 C2-band CN-band 1/9.99 1/9.99 1/9.99 1/9.99 1/9.99 80 C2-band CN-band 1/9.99 1/9.99 1/9.99 1/9.99 1/9.99 paper. In addition, the C content was obtained from the C 2 system at 563.2 nm, and N from the CN lines at 634 nm.
Abundances for C, N, and O were determined all together in an interactive way in order to take into account any possible molecular coupling of these three elements. Our targets are objects evolved off the main sequence, so some evolutionary mixing is expected. This can affect the primordial C and N abundances separately, but not the total C+N+O content because these elements are transformed one into the other during the CNO cycle.
We are aware that we are deriving abundances for clump stars, but using the Sun as calibrator. Different approaches are adopted in the literature. Among the references we will use for comparison in the following, a similar approach was followed by Magrini et al. 2010, but not by Bensby et al. 2010 . As a sanity check, we computed abundances for the giant star Arcturus using our linelist. Its atmospheric parameters are T e f f = 4290 o K, logg=1.63, and vt=1.29 km/sec.
The results for individual elements are shown in Table. 6. One can readily see that the agreement with the literature is generally good. For instance, the differences with the recent work 
Discussion
In this section, we discuss in detail the outcome of the abundance analysis and its impact on the determination of the cluster parameters.
Metallicity
Metallicity is routinely estimated using the ratio [Fe/H]. The only previous estimate of Trumpler 20 metallicity from highresolution spectroscopy is the Platais et al. (2008) one. The spectrum of a single giant (MG 675) is used to suggest for the whole cluster metal abundance. This star is not a clump star Our spectroscopic campaign focusses on the cluster red giant clump, one magnitude fainter, which we sample with eight stars (see Table 1 ). Six out of eight turn out to be bona fide radial velocity members. For all these stars, except for star 496, which is a fast rotator, we provide abundance analysis. We find an average [Fe/H] = 0.09±0.01, with no dispersion (σ= 0.02±0.01). In this case, however, 0.01 is simply the internal dispersion from the mean. Based on the analysis presented above (see Table 5 ), we derive a more reliable uncertainty of 0.074 when the errors on the atmospheric parameters are assumed as independent, or, in the opposite case, 0.095. We therefore adopt the value 
Iron peak elements
We compare two iron-peak element abundance ratios (Ni and Cr) with the literature values in Fig. 3 . We could not compare V with thin and thick disc stars becuase the measure is based on a single line only, but this element ratio is clearly over-abundant with respect to stars of the same metallicity. Hyperfine structure (HFS) effects can be the culprit, as amply discussed in Pancino et al. 
Revision of Trumpler 20 fundamental parameters

Carraro et al. (2010) derived the fundamental parameters of
Trumpler 20, and adopted solar metallicity. With the spectroscopic estimate of the metallicity obtained in this work, we can now determine the fundamental parameters of the cluster more accurately.
The empirical metallicity [Fe/H] = +0.09 turns into the theoretical metallicity Z=0.023 (see e.g. Carraro et al. 1999 ). We generated isochrones 5 from the Padova suite of models (Bressan et al. 2012) for this metallicity and different ages. The best fit was obtained for an age of 1.5 Gyr, as illustrated in 5 http://stev.oapd.inaf.it/cgi-bin/cmd 2010). Only stars within 6 arcmin from the cluster centre are considered. Over-imposed are three isochrones displaced using as reddening 0.34 mag and as apparent distance modulus 13.6 mag. The solid dashed isochrone is the best fit, for an age of 1.5 Gyr. To illustrate uncertainties in the age, we display two additional isochrones (solid red symbols) for an age of 1.4 and 1.7 Gyr. See text for details.
region is reasonable in spite of the heavy field star contamination and the presence of a significant fraction of binary stars (Carraro et al. 2010) . As mentioned already in this last study, there is a marginal difficulty in matching the mean colour of the RGB clump. This is quite common in the literature (see, e.g., Carraro & Costa 2007) and can be ascribed to a variety of effects, the most important is probably related to the isochrone transformation from the theoretical to the empirical plane and, also, the calibration of the mixing length parameter.
Because wack any indication of abnormal absorption along the line of sight to Trumpler 20, we adopt R V = 3.1, and derive a heliocentric distance of 3.2 kpc, slightly larger than the estimate of Carraro et al. (2010) . If we adopt 8.5 kpc as the Sun distance to the Galactic centre, the galactic Cartesian coordinates for Trumpler 20 are: X = 6.6 kpc, Y = −3.0 kpc , and Z = 120 pc. As a consequence, the cluster distance to the Galactic Centre R GC is 7.3±0.3 kpc. One interesting aspect to mention is that most inner disc clusters 
Trumpler 20 put into context
Conclusions
In this paper we have presented the first high-resolution spectroscopic study of a sample of red clump stars in the rich old open cluster, Trumpler 20. The new results fully support the findings in the previous photometric study by Carraro et al. (2010) .
Our results can be summarized as follows:
-the cluster metallicity is mildly super-solar, with [Fe/H]=+0.09±0.10. We did not detect any significant spread among the five bona fide radial velocity members we were able to analyze; -the abundance analysis reveals that Trumpler 20 is similar to other open clusters of the same age and metallicity as far as iron-peak and neutron-capture elements are concerned. The only deviation we found is for the α-element Mg, which is under-abundant with respect to the Sun. Its value is, however, consistent with the region covered by inner disc clusters or in inner disc giant stars of similar metallicity; -we have revised the cluster fundamental parameters. The new values for reddening and distance modulus are 0.34±0.05 mag and 13.6±0.2 mag, respectively. By using these figures, we derive a cluster galacto-centric distance of 7.3 kpc; -at this distance, and with a metallicity of [Fe/H] =+0.09, Trumpler 20 nicely matches the radial abundance gradient of the inner Galactic disc.
-we did not detect any spread in the Na abundances in our limited sample. More data would be required, however, to firmly discard the presence of multiple stellar populations in the cluster (Platais et al. 2012 ).
Further studies of this cluster should concentrate on estimating the binary fraction, and refining the shape of the main sequence via a detailed membership analysis. Quantifying the fraction of interlopers is an important step toward the determination of the cluster mass. Table 9 . Adopted line list, atomic parameters, equivalent widths (EW), and abundances (X). Table 9 . Adopted line list, atomic parameters, equivalent widths (EW), and abundances (X) . 
